Introduction to Engineering Course
The course utilizing this assignment was the second course in a 4-credit, 2-semester Introduction to Engineering sequence for first-year students. Both offerings of the courses comprised two sections of a 2-hour weekly lecture, and three sections of a 2-hour weekly skills lab, taught by two instructors (one spring 2013, one spring 2014). The large majority of the class is comprised of first-year general engineering and computer engineering majors including international students. The students largely know one another well after taking the first semester engineering course together in addition to physics and calculus classes. The ethics assignment was taught primarily within the lecture portion over the course of two class periods. The two different instructors implemented this assignment over two years with 95 students total (41 the first year and 54 the second).
Pre-Assignment
Prior to receiving this assignment, students were introduced to engineering ethics through classroom lecture, case studies, and discussion. Course instructors presented the Code of Ethics for Engineers from the National Society of Professional Engineers. Students were then presented a variety of short ethical scenarios on projected slides and had to make their own ethical judgments using clickers. The voting results were presented on the screen, and the results were discussed as a class in light of the Code of Ethics for Engineers. Students also examined a few case studies by viewing an interview with an engineer who attempted to stop the Challenger takeoff and news footage covering the Challenger and Columbia explosions, as well as an interview with a survivor of the Deep Water Horizon oil rig explosion and associated news coverage.
Creative Fiction Assignment
Following in-class instruction on Engineering Ethics, students were tasked with creating a short story in the genre of science fiction, historical fiction, or another of their choosing that explores an engineering topic of their interest, its ethical issues, and its broader impacts. The short story was expected to be 1500-2000 words. With advanced permission from the instructor, the short story could be conveyed as a long poem, a cartoon/comic strip/graphic novel, a song/rap, or a skit/short play. The short story needed to have development of environment (place and time), characters, and a plot involving an ethical decision with broad impacts within the context of an engineering discipline or disaster, either future or past, fictional or actual. Students were asked to discuss the fictional situation in light of Engineering Code of Ethics. Students were given at least three weeks to complete the assignment.
These range of options were given so that students could use a creative outlet of their preference. Students worked in teams of two to three of their choosing. A grading rubric (Appendix) was given to the students ahead of time so that they were clear on the grading metrics in the following categories: ethics, broad impacts, engineering as profession, communication, and creativity. A grading scale of 1 to 4 was used for each category with 4 being exceptional or outstanding work and 1 being poor work. A "3" was considered satisfactory or good work. The same grading rubric was used as a grading sheet where the instructors marked the scores on the left hand side of each category. Areas where improvement was needed where underlined, and comments when necessary, were given alongside each section. This provided an efficient method for grading the assignment, which could be time-consuming. The assignment counted as a quiz grade that ultimately amounted to approximately 10% of their overall course grade.
Results and Discussion
Student work impressed the instructors, with students thoroughly enjoying the assignment. The students produced short stories in the genres of science fiction, post-apocalypse, and hard-boiled detective, as well as comic strips, a musical performance of rewritten song lyrics, a screenplay depicting a courtroom drama, and short films written, acted, and edited by the students. The level of ethical understanding in the works varied, but generally rose beyond the level achieved with simple reflections on case studies. The assignment was also more enjoyable to grade for the instructors, and allowed for additional emphasis on and assessment of creativity and communication skills.
Most groups opted to do a short work of fiction with the comic strip being the second most popular choice. Over the two years, two groups did a video or in class presentation.
Example Work
One short story considered the ethical dilemma where the creator of a sentient artificial intelligent robot is asked to erase the memory of its robot despite the robot's protests. The story asked the question, "Is erasing the memory of a sentient artificially intelligent robot akin to killing?" "SAI… I'm sorry. It won't take long. You won't feel a thing. You won't even remember what happened." "You told me I was beautiful!" "I know. I would save a copy of you, but the executives say that would be a security risk."
I waited a moment after his last line, before printing out two words that conveyed everything in my thought processors. "I'm scared." "I know SAI, I am too." This was it, I thought, I was going to die. I would be SAI no more, I would be something that I was not, I would - Many students opted for stories where the ethical situation was a life or death matter. Several groups wrote science fiction stories where an entire population's lives were at stake.
Nathan sat dumbfounded. The fate of this world rested in his hands. Liu had made herself very clear how she felt about this situation, but he had known her position. He also knew that if he did support the idea, the government would go forward with the colonization of the planet and the destruction of the Grokans. He couldn't kill an entire species. But he also knew that these past eight years would feel like a waste if they didn't move towards colonization. Plus, the humans desperately needed another place to live. (Haines and Dowling)
Other groups described futuristic bioethical scenarios. One such team made a soap opera style drama where a new intern learns that her boss is conducting highly controversial research on his own sister without proper oversight or technical knowledge. In one short story, a woman is faced with choosing between possibly curing an ailing family member but conducting unethical work, or finding another job.
Stephanie drove back to the corporation and met with the two men. Mr. Richardson asked Stephanie to share her concerns. Stephanie argued that it wasn't safe for her work to be tested on humans and that deliberately erasing someone's mind is wrong. Mr. Richardson responded with the fact human testing is necessary in any field. He then argued how joining the company would cure mental illness. (Decker, Hooper, Gorenberg) Some groups had engineering characters struggle with the social impacts of ethical decisions often driven by a desire for technological advancement. The following was written by a group of international students from France, Germany, and Brazil, and has some basic grammar issues.
Because of the iClone's cost of production and maintenance, only the richest and middle class will be able to afford it. After its release one year later, people were satisfied with the service that the clones can provide for everyday life. Unfortunately so are the companies due to the fact that clones are not making human mistakes. That's why it is not uncommon for big companies to purchase clones instead of hiring humans for doing jobs. They do not need wages, make no mistakes and do not complain… … People began losing their jobs because of the iClones the general populations starting becoming more and more unsatisfied. Riots break out and more pressure is placed on the government (Fevre, Hoenig, Barerra).
A bit later in the story the students used some wonderful foreshadowing imagery, writing that the new iClone "came in a huge metallic box, almost like a coffin, with a silver logo on front" (Fevre, Hoenig, Barerra). In technical reports, instructors do not often get to see that students have command of this type of imagery as a communication device.
Some groups used a canned response to discuss the importance of engineering ethics. For example:
Engineers in today's world, have a great deal of moral and ethical responsibility. They make the things that are used every day by people around the world. Occasionally, those who hire engineers are driven by money and job security. When this is the case, we will see popular products that aren't built properly that can have a negative impact on society.
The results of these products can be dangerous or harmful to the environment. For this reason, engineers responsible for creating things that people use must be morally sound.
Engineers today need to be aware of their ethical responsibilities. The goal is to protect people who will be using their products or services. This responsibility is far greater than the amount of money that they can make. Loyalty to the engineering code of ethics is evident in the story about the rollercoaster and how it was not proven to fail. The engineers saw that the rollercoaster could potentially fail in the future and they decided to speak out about it. When it comes to making engineering decisions, complying with the code of ethics must be the first priority. (Andrews, Hakun, Kyger) Some student work failed to truly describe a grey area. Their scenarios involved an ethical dilemma, but the right answer was easy to determine. For example in a variety of scenarios a person was faced with choosing between making the ethical choice versus losing his or her job (Figure 1 ). While the choice was presented in a way that was definitely a difficult decision, the ethical solution was apparent when considering the Code of Ethics. A few stories depicted scenarios were people's lives were at stake. Student work also showcased some impressive creativity that is not often encouraged and rewarded in the engineering curriculum. For example, a group of students writing about the development of artificially intelligent social service robots at the Floogle company included the following redacted email in their work (Figure 2 ). In addition, the group wrote in the form of journal entries, which started out typed, and as the situation deteriorated switched over to being handwritten. In a very creative turn of events, the engineer escapes and lives with the Amish who are not as reliant on technology as the rest of society. As an institution with regional ties to the Amish community, it was greatly appreciated that the students incorporated unique sociological knowledge of the Amish in an engineering assignment, such as traditional Amish names and activities. Figure 2 -Creative presentation by a student group who wrote their fictional story in the form of journal entries (typed, and then handwritten) and redacted company emails (Brennan, Davala, Zabala-Ferrera).
Another creative group of students rewrote song lyrics and performed in costume, from the perspective of engineers working under Darth Vader on the Death Star, who had been told that construction of the Death Star was for the advancement of the universe (Fay, Kenner, Nunez).
Assessment
The assignment was assessed qualitatively using reflections from the instructors and student comments, and quantitatively using student achievement measured by the grading rubric, and self-reported student achievement on the ABET outcomes covered by the course. Unfortunately, due to confounding changes in the course structure and instruction, comparison to previous ethics outcomes was not possible.
Overall, students in both classes did a satisfactory job on this assignment and demonstrated an understanding of ethics. The overall assignment average over both years was 3.4/4 ( Table 1) . The weakest category in both semesters was the Ethics category. Students were frequently penalized for not identifying a true grey area and/or not describing how the fictional situation should be viewed in light of the Engineering Code of Ethics. This challenge has been identified previously, as faculty perceive engineering ethics to include nuance, whereas students only perceive engineering ethics to only be about rules and laws and black/white answers 2 .
The instructors observed that the writing quality, reflected in the writing scores, was higher than typically seen in technical reports such as lab or project reports. Students exhibited more sophisticated writing techniques such as imagery and foreshadowing. Students also impressively captured the genres of science fiction, hard-boiled detective, and courtroom drama with the structure of their sentences and paragraphs, their word choice, character names, and dialog. Some stories had the instructors on the edge of their seats because students effectively used hooks, changes of perspective, and cliffhangers. Instances of grammatical errors, confusing sentences, and long disorganized paragraphs were much more rare than in technical reports.
This observation of high-quality writing in this context makes the instructors curious as to why technical reports are not similarly well written. Some possibilities include: students are not putting as much effort into the writing of technical reports, students do not feel that the writing is emphasized as much when there is a hard technical component, students are struggling with understanding the concepts and that is reflected in unclear writing, or students simply enjoyed the creative writing process and the ability to chose a genre about which they are more familiar and passionate. As part of the assessment process for ABET, students were asked at the end of the semester to evaluate how well the course prepared them to "understand professional and ethical responsibilities of the engineering profession." Students were asked to rank the ethics content of the course on a 1 to 5 scale with 1 being not well prepared and 5 being very well prepared. The average score over both years was 4.3 ( Table 2 ). The evaluation results show that students felt the course and assignment prepared them to understand the professional and ethical responsibility of engineers well to very well. Students were also given the opportunity to provide written feedback on the course. While no students commented specifically on the ethics assignment at the end of the course, the instructors observed that students appeared to enjoy the assignment and have fun with it. The instructors certainly enjoyed the assignment and observed that grading the assignment was much more fun and less onerous than standard reflections on ethical case studies.
This assignment combines characteristics of other ethics assignments that have been shown to be effective, including group work that promotes deeper discussion [12] [13] , directing students to explore nuanced rather than black and white scenarios 2 , allowing students to explore issues that are currently relevant and of their own selection 13 , and engaging students' emotions to motivate ethical understanding 14 .
Conclusions and Future Work
This ethical creative fiction assignment was a worthwhile exercise and allowed for a deeper investigation of engineering ethics than case studies alone. Furthermore, the assignment encouraged and rewarded more sophisticated communication, as well as creativity.
Observations
• The assignment effectively prepared students to "understand professional and ethical responsibilities" of the engineering profession • Most students chose the short-story option and seemed to greatly enjoy the assignment.
• Biggest weakness for some groups was identifying ethical grey areas without an easy right/wrong decision and discussing the dilemma within the context of the Engineering Code of Ethics • Writing was not the major focus of the grading, but it was generally much better than technical reports with minimal issues with grammar, spelling, wordiness etc.
• Students were encouraged and rewarded for exercising creativity For the future, instructors are developing a survey to use for more targeted assessment of the assignment, and are considering ways to push for higher levels of ethical understanding while maintaining the fun and creativity of the assignment. With a smaller cohort of students, a meeting with the instructor to provide early feedback would help develop more ethical grey areas in the scenarios. One interesting addition would be to invite a professor from the English Department to give a session on creative writing. Also, offering a follow-up discussion could facilitate further insights. This semester, for example, the students will present their work in class so the instructor can facilitate the students learning from one another and providing meaningful feedback. Other ideas to address the issues with identifying ethical grey areas include conducting a peer review or having the students present a basic overview or the paper ahead of time to help identify whether or not the group has identified a true grey area. Another possible enhancement would be to examine more case studies with ethical grey areas and do a comparison of case studies with obvious ethical violations and ones where they are not so obvious.
